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We  dcmonsirated  a  novel  sources  of  pulsed  terahertz 

I  Mtata  m^x«y7«hich  b.v.  utahor,  pulse  dumtion  md  high  telemity:  .his  source  is  bused  _ 
r  on  emission  from  oilreshott,  leser-hestcd  gases  and  solids.  We  have  examined  .he  propag«.on  of 
high  iniensi.y  (up  to  lO'S  W/cm*)  uUrashorl  (100  fs)  laser  pulses  in  dense  gases;  this  work  has 
appliention  w  a  varieiy  of  swdies  involving  high  power  laser  pulses  such  as  harmomc  ge«rauo.,, 
sL  lasem,  nnd  laser  wakefleld  accclemtors.  We  smdled  schemes  for  new  x-ray  lasem;  .toy 
rvolve  rapid  recombination  of  highly  ionised  atoms  (produced  by  muinphoton  jonuation) 
bllowed  by  lasing  on  Ly-a  x-ray  transitions.  We  developed  a  new  Thomson  scaiiering  techmqu 

using  multiple,  ultrashort  laser  pulses;  thes^dics  were  done  in  multiphoton  ioniaed  plasmas  o 
interest  to  the  construction  of  new  x-ray  lasers.  We  have  examined  conditions  tor  pumping 
reeombination  x-ray  lasers  using  multiphoton  ioniaedgases.  We  have  examined  the  non- 
Maxwellian  energy  distributions  in  mul.ipho.on  ioniaed  gMes.  Finally,  we  exammed  both  jhe 

coherent  and  incoherent  emission  from  short-pulse  laser  excited  clusmrs.  This  latest  work  has  ^ 

ostablislKd  that  sub-wavelength  sixed  clusters  can  be  a  source  of  intense  plasma  emission,  and  tliai  ^ 
clusters  are  a  source  of  harmonics  from  laser-maucr  interaction. 
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Summary  of  work  done 

During  the  contract  period  we  made  significant  progress  in  areas  of  high-intensity  laser  interaction 
with  plasmas.  The  students  involved  included; 

Susanna  Gordon  (through  9/93) 

Ernest  Glover  (through  1 1/93) 

Alan  Sullivan  (through  9/94) 

Eveit  Lipman  (through  5/94)  ' 

Tom  Donnelly  (through  6/96) 

David  Ponce-Marquoz  (through  9/96) 

All  of  these  students  are  US  citizens,  have  satisfactory  records,  and  at  the  time  of  support,  graduate 
students  in  the  Ph.D.  program  in  the  Physics  Department  at  UC  Berkeley.  1  used  the  grant 
primarily  to  support  Tom  Donnelly,  but  to  augment  the  fellowships  and  related  support  of  the  other 
.students.  Essentially,  the  gram  has  been  used  to  support  1.5  FTE  graduate  student. 

Our  work  involved 

—  development  of  ultrashort  pulse  x-ray  sources 

—  generation  of  subpi cosecond,  unicyclc  electromagnetic  pulses 

—  propagation  of  intense,  short  pulse  lasers  in  plasmas 

—  new  x-ray  lascis 

—  new  high-intensity,  short  pulse  lasers 

—  diagnosis  of  multiphoton  ionized  plasmas 

—  interaction  (if  intense  short  pulse  lasers  with  clusters 

Our  work  resulted  in  twenty-two  publications  which  arc  listed  below;  five  of  these  have  not 
previously  been  listed  on  a  technical  l  epoit.  We  demonstrated  a  novel  sources  of  pulsed  terahertz 
radiation  and  x-rays  which  have  ultrashorl  jjulsc  duration  and  high  intensity;  this  source  is  based 
on  emission  from  ultrashort,  la.ser-heatcd  gases  and  solids.  We  have  examined  the  propagation  of 
high  intensity  (up  to  W/cm^)  ultrashort  (100  fs)  la.ser  pulses  in  dense  gases;  this  work  has 
application  to  a  variety  of  studies  involving  high  power  laser  pulses  such  as  harmonic  generation, 
x-ray  lasers,  and  laser  wakefield  accelerators.  We  studied  .schemes  for  new  x-ray  lasers;  they 
involve  rapid  recoinhi nation  of  highly  ionized  atoms  (produced  by  multiphoton  ionization) 
followed  by  lasing  on  Ly-ot  x-ray  transitions.  We  developed  a  new  Thomson  scattering  technique 
using  multiple,  uUrashoit  laser  pulses;  these  studies  were  done  in  multiphoton  ionized  plasmas  of 
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interest  to  the  construction  of  new  x-ray  lasers.  We  have  examined  conditions  for  pumping 
recombination  x-ray  lasers  using  niulliphoton  ionized  gases.  We  have  examined  the  non- 
Maxwcllian  energy  distributions  in  multiphoton  ionized  gases.  Finally,  we  examined  both  the 
coherent  and  incoherent  emission  from  short-pulse  laser  excited  clusters.  This  latest  work  has 
established  that  sub-wavelength  si/.ed  clusters  can  be  a  source  of  intense  plasma  emission,  and  that 
clusters  are  a  source  of  harmonics  frojn  laser-matter  interaction. 
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Ray  La.sers,"  Phys.  Plasmas  1.  1744  (1994).  ^ 

13.  T.E.  Glover,  T.D.  Donnelly,  E.A.  Lipman.  A.  Sullivan,  R.W.  Falcone,  "Subpicosecond 

Scattering  Measurements  of  Optically  Ionized  Helium  Plasmas,"  Phys.  Rev  Lett  73 
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